Abstract: Human papillomavirus (HPV) has been reported in 12-82% of penile squamous cell carcinomas (SCC). There is an association of the virus with basaloid and warty carcinomas but the reported prevalence is variable. The causes of these variations are not clear. They may be owing to geographic differences, the use of different techniques to detect HPV, the status of the original paraffin blocks, or to variable criteria in tumor classification. The aims of the study were to determine the prevalence of HPV in penile SCC and subtypes using a sensitive technique, to investigate genotypes involved, and to search for other morphologic features associated with the virus from a series of cases from Paraguay. HPV detection was done by SPF-10 polymerase chain reaction followed by DNA enzymeimmunoassay and genotyping by LIPA 25 (version 1). Samples were tested at Catalan Institute of Oncology, Barcelona, and cross testing was carried out at the Delft Diagnostic Laboratories in The Netherlands. HPV was detected in 64 of 202 cases (32%). Thirteen tumors had multiple HPV genotypes. Most prevalent genotypes were HPV-16 (46 cases), HPV-6 (6 cases), and HPV-18 (4 cases), either in single or in multiple infections. HPV was preferentially associated with warty-basaloid (82%), basaloid (76%), and warty (39%) carcinomas and not detected in verrucous, mixed verrucous-papillary, pseudohyperplastic, and pseudoglandular SCCs. There was a strong association between HPV and higher histologic grade. Basaloid cells were more frequently found in HPV positive tumors (72%) and this association was statistically significant in univariate and multivariate analyses. Cells with koilocytotic features and keratinizing squamous cells were also present but to a much lesser degree (47% and 19%, respectively). In summary, HPV was found in a third of the cases and the most common genotype was HPV-16. Low-risk genotypes were rarely found in single infections, representing 4 cases among all analyzed (2%). There was an association between HPV presence and higher histologic grade and with basaloid, warty-basaloid, and warty carcinomas. Our results also suggest that, in penile SCC, the basaloid cell is the best tissue marker for oncogenic HPV infection.
I
t is estimated that 58,000 new human papillomavirus (HPV) related cancers other than cervical carcinomas occur every year in the world. 30 Most commonly affected sites are the vulva, vagina, anus, head and neck region, and the penis. Globally, the annual burden for penile cancer has been estimated in 26,300 cases. 30 Tropical regions are preferentially affected. One-third to one-half of these patients, depending on geographic location, will die of disseminated disease. Kurman et al, in a pioneer pathologic study, established an association of the presence of HPV and special subtypes of vulvar cancer. 26 The first mention of an association between morphology and HPV infection in penile squamous cell carcinoma (SCC) was made by Gregoire et al. 17 They found a preferential association of basaloid and mixtures of warty and basaloid carcinomas with HPV infection and a consistent negativity in verrucous and papillary carcinomas. Despite the geographic coexistence of high incidence rates of cervical and penile cancer in certain countries, from the pathologic point of view, a majority of penile tumors are histologically similar to vulvar and not to cervical carcinomas. However, there is a subset of penile cancers, usually HPV positive that is histologically identical to cervical cancer. Whereas almost 100% of cervical squamous cell carcinomas are HPV-related, 50 the virus is found in only about one-third to one-half of penile and vulvar cancers. [16] [17] [18] 25, 37, 44 For these reasons a dual pathogenic and etiologic pathway has been postulated for these tumors. 1, 37, 44 There are many reports emphasizing the association of special subtypes of penile cancer and HPV but the prevalence figures are variable. 2, 3, 8, 9, 15, 21, 22, 33, 34, [38] [39] [40] [41] 47, 50, 52 The causes of these variations are not clear. They may be owing to real geographic differences in the overall incidence of HPV infection or HPV genotypes, to the use of different laboratorial techniques to detect HPV, to the original status of the paraffin blocks, to variable morphologic criteria used in the classification of penile tumors, or to other hidden reasons. In this study we aimed at determining the prevalence of the HPV various genotypes in relation to morphology using a highly sensitive HPV detection technique and the new classification of histologic subtypes of penile SCC.
14 Emphasis was given to the association of classical and newly described variants of penile SCC and HPV, and especially to the search of other pathologic features that may explain the variable reported prevalence.
MATERIALS AND METHODS

General Design
Consecutive cases of penile carcinoma (N = 202) diagnosed in our pathology laboratory were selected for HPV testing. This series is a part of an ongoing international effort organized by the Catalan Institute of Oncology to collect a large number of penile tumors that aims to obtain robust estimates of the HPV prevalence and the HPV type-specific distribution in this and another cancer sites.
Protocol for Human Papillomavirus Detection
HPV detection and genotyping was done by SPF 10 polymerase chain reaction (PCR) and DEIA, a DNA enzyme-immunoassay for general HPV detection. Positive samples were subsequently genotyped LI-PA 25 (version 1, produced at Labo Biomedical Products, Rijswijk, the Netherlands). All SPF 10 LI-PA 25 PCR detection was performed at Institut d'Oncologia (ICO, Barcelona) and at the facilities of DDL Diagnostic Laboratories (DDL, Voorburg, the Netherlands) using the previously described protocol by Kleter et al. 23, 24 The HPV LiPA 25 version 1 allows specific detection of 25 HPV types: HPV 6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68 6, 11, 40, 42, 43, 44, 54, 61, 70, 72 , and 81 with a low risk for producing a malignant transformation when they infect epithelial cells of the cervix. Genotype 74, not categorized in the earlier classification, was considered as low risk. 27, 46 Specimens that were HPV/ DNA positive, but did not hybridize with any of the 25 probes were coded as HPV type X (unknown type). Tissue samples (5% of the total) in which no HPV presence was expected were used as controls.
Pathologic Evaluation
The new histologic classification of subtypes of penile SCC of the Armed Forces Institute of Pathology was used, 14 especially recording mixed tumors and cell types to ascertain the influence of focal tumor and cell patterns in HPV detection. These variants of SCC were considered: usual, basaloid, warty (condylomatous), papillary, verrucous, sarcomatoid, pseudohyperplastic, adenosquamous, pseudoglandular, cuniculatum, and mixed. A case of HPV positive (genotype 16) clear cell carcinoma, not proven to be of squamous origin, was excluded from the study. Giant condylomas (8 cases) were also excluded. Hematoxilin and Eosin stained slides were reviewed by the Barcelona group of pathologists (BLL, MA, and OC) classifying the subtypes of squamous cell carcinoma and jointly rereviewed with the first author (ALC). The slides were again reevaluated by the Paraguayan group of pathologists (AC, EV, CL, and EK) emphasizing the identification of 3 different cell types: basaloid, koilocytic, and eosinophilic keratinized squamous cells. Morphologic criteria were: (a) basaloid (''blue'') cells: high nuclear/cytoplasmic ratio with scant cytoplasm, hyperchromatic, and deeply basophilic small to intermediate, ovoid, round, or spindle nuclei, usually inconspicuous nucleoli and rarely prominent, tendency to apoptosis, abundant mitotic figures, no, or abruptly keratinized cytoplasm, with an evident resemblance to epithelial basal cells; (b) koilocytes (''clear cells''): clear cytoplasm, sharply defined perinuclear cavity with a rim of thickened cytoplasm, nuclear enlargement, hyperchromasia, coarsening of chromatin, nuclear wrinkling and irregular nucleolema, pyknosis, and binucleation; (c) eosinophilic keratinized squamous (''pink'') cells: well defined cell borders, prominent intercellular bridges, round to ovoid nuclei, inconspicuous nucleoli, and abundant eosinophilic pink keratinized cytoplasm. Other data collected were patients' age and histologic grade from 1 to 3. Grading criteria were those earlier described in detail. 49 
Limitations of Pathologic Materials
In the majority of the cases, histologic classification was made based on 2 sections. Some penile tumors, especially those belonging to the verruciform group, usually require more sections for a proper classification. In 15% of the cases, biopsy materials were used instead of penectomy or circumcision specimens. There are some limitations of biopsies for the classification of penile tumors, especially the verruciform tumors. 48 The fixation process was uneven with unbuffered formalin and not standardized, carried out in various institutions. There is a possibility of some degree of DNA degradation influencing HPV detection in these cases.
Statistical Evaluation
Categoric data were confronted using the Fisher exact or the w 2 tests for univariate analysis. A logistic regression model was constructed for multivariate evaluation of the relationship between the presence of basaloid cells, koilocytes, and keratinized cells and the identification of HPV DNA in all cases. The Bartlett test was used for evaluating the inequality of population variances and the ANOVA or the Kruskal-Wallis tests for comparing the age means. Receiver-operator characteristic (ROC) curves were constructed to test the usefulness of the presence of basaloid, koilocytes, and keratinized cells in predicting the likelihood of HPV infection. If the area under the curve (AUC) was more than or equal to 0.70, the feature was considered of moderate accuracy and if AUC was more than or equal to 0.90 it was considered to be of high accuracy. In all cases a 2-tailed P<0.05 was required for statistical significance. Data were analyzed using the software Epi-Info version 3.5 (Centers for Disease Control and Prevention, Atlanta, GA), Prism GraphPad version 5.0 (GraphPad Sofware, Inc., La Jolla, CA), and OriginLab Pro version 8.0891 (OriginLab Corporation, Northampton, MA).
RESULTS
Patients' age ranged from 16 to 95 years with a mean of 61 years. No significant difference of age among patients with various subtypes of SCC was identified. The presence of HPV and distribution of HPV genotypes did not associate with any age group.
Human Papillomavirus Genotypes
The presence of HPV was detected in 64 of 202 tumors (32%). In 2 cases HPV DNA was found but the genotype could not be categorized; both cases corresponded to usual SCC. Most commonly only 1 genotype was identified (49 cases, 77%). HPV-16 was the most commonly found genotype (46 cases, 72%) followed by HPV-6 (6 cases, 9%) and HPV-18 (4 cases, 6%), either in single or in multiple infections. No association of any of the genotypes with special subtypes of SCC was found (Table 1) ; although in usual SCC, a greater variety of single genotypes (16, 6, 45, 11 , and 18) was detected. A majority of single infections were caused by high-risk genotypes of HPV (45 cases, 92%). There were 4 malignant tumors in which only low-risk genotypes were found: 2 of them were usual SCC (1 with HPV-6 and the other with HPV-11) and the remainder 2 warty-basaloid carcinomas (both positive for HPV-6) ( Fig. 1 ). The distribution of HPV genotypes in 13 patients with multiple oncoviral infection and special variants of SCC is shown in Table 2 . Warty-basaloid carcinomas were more likely to be associated with multiple infections (3/9 cases, 33%) than warty (2/7 cases, 29%), basaloid (3/19 cases, 16%), or usual (2/20 cases, 10%) carcinomas. In 6 of 13 tumors with multiple viral infections (46%) there was a simultaneous presence of low-risk and high-risk HPV.
Human Papillomavirus and Histologic Subtypes of Squamous Cell Carcinomas
The prevalence of HPV according to histologic subtypes of SCC is shown in Figure 2 . Higher positive rates were found in warty-basaloid (82%), basaloid (76%), and warty carcinomas (39%). In warty-basaloid carcinomas a majority of the cells were, such as in basaloid carcinomas, small, uniform, and basophilic with scant nuclei, but they had a warty component, characterized by parakeratosis, papillomatosis, and pleomorphic . In basaloid carcinomas, the hallmark was the presence of tumoral nests with central comedonecrosis. 5 The cells were small and uniform with scant cytoplasm in most cases, but nuclear pleomorphism was also present (Figs. 4A-C) . Among the HPV positive basaloid carcinomas, there was 1 papillary-basaloid variant resembling transitional cell carcinoma (Fig. 4D) . No morphologic differences were found among the HPV positive or negative basaloid carcinomas. Despite the classical condylomatous pattern with abundant pleomorphic koilocytes some warty carcinomas (Figs. 5A-D) were negative for HPV. However, positivity in warty carcinoma was related to the amount of basal/parabasal atypical cells resembling basaloid cells. This finding is related to the observation that HPV positive warty carcinomas tended to be of a higher grade when compared with low-grade tumors of the same histologic subtype (100% vs. 27% in 7 HPV positive cases). This association was not observed for usual or mixed carcinomas (Table 3) . We found an overall association between the presence of HPV and the histologic grade. Of 35 grade 1 SCC only 2 (6%) were HPV positive, compared with 18 of 84 grade 2 (21%), and 44 of 83 grade 3 tumors (53%). This association was highly significant (P<0.0001). Less frequent presence of HPV was detected in usual (24%), sarcomatoid (17%), mixed (19%), and papillary NOS (15%) carcinomas. No HPV was found in verrucous, pseudohyperplastic, pseudoglandular, and cuniculatum carcinomas (Figs. 6A-D) . Mixed carcinomas were separately analyzed (Fig. 7) . HPV positivity was associated with the presence of warty and/ or basaloid (W/B) features; 6 of 15 mixed SCC with W/B features (40%) were HPV positivity whereas none of the 16 cases without W/B features showed evidence of HPV infection (P = 0.0068).
Cell Types and Human Papillomavirus
There was not only an association of HPV with the histologic subtypes of carcinomas, but also with the predominant individual cell type. We determined the presence of the 3 cell types; basaloid (the blue cell), clear koilocytic (the clear cell), and squamous keratinized cells (the pink cell) (Figs. 8A-D) . There was a strong association of the predominant cell type in a tumor and presence of HPV (Table 4) . HPV positive tumors showed basaloid cells in 72% of the cases; clear koilocytic cells were found in 47% and pink keratinized cells were more common (81%) in HPV negative tumors. The association of HPV positivity and the presence of basaloid cells was highly significant in univariate and multivariate analyses. On the contrary, the association of HPV and koilocytes, diagnostic hallmark of warty carcinomas, was marginally significant on univariate and not significant on multivariate analyses. The increasing low frequency or negativity of HPV was also associated with an increase in the proportion of maturing, keratinizing, and differentiated squamous cells (pink cells). This cell pattern was associated with tumors consistently negative for HPV such as verrucous, cuniculatum, and pseudohyperplastic carcinomas. These neoplasms are extremely well differentiated, showing a high degree of cell maturation.
ROC analysis showed that the presence of basaloidtype cells, regardless of the proportion or histologic subtype, had a moderate accuracy in predicting HPV infection, whereas the presence of cells with features of koilocytes was practically useless for this purpose (Fig. 9) . Presence of eosinophilic keratinized cells was inversely associated with the HPV detection rate. Overall there was an inverse relation of cell maturation and the presence of HPV. No differences were found among tumors associated with different, single, or multiple genotypes. 
DISCUSSION
Since the first demonstration of an association of HPV and morphologic features in penile carcinomas, 17 2, 17, 37 In some studies, about one-third of the usual and verrucous carcinomas were also reported to be positive for HPV. 2, 17, 37 However, the incidence of the virus in penile carcinomas, either in general or regarding special subtypes, is highly variable. The overall rate of detected HPV infection in penile carcinomas ranges from 12% to 82%. 4, 15, 17, 19, 21, 22, 28, 31, 35, 37, 39, 41, 42, 45, 47, 50, 52, 53 Several reasons can explain this variability: (1) True geographic differences in the worldwide incidence and risk-type distribution of HPV genotypes and, consequently, of HPV-related tumors, along with other environmental factors related to habits, socioeconomic status, and/or cultural practices proper of the geographic region. (2) The existence of a false negative rate owing to technical failures in detecting HPV DNA that is actually present in the sample. Using inappropriate methods or testing the sample only once could explain this eventuality. In a recent study Peevor et al 32 found that retesting earlier negative HPV samples in which morphologic evidence of viral infection was present could rise the positivity rate up to 78%. They recommend not relying on 1 single negative HPV test, as this approach could lead to under recognize the role of HPV infection in a subset of patients. (3) The existence of a false negative rate owing to poor DNA conservation in the tisular samples of the examined tumors. DNA detection rate in formalin-fixed paraffin-embedded tissues using PCR is highly sensitive to the process of fixation. Fixation for more than 24 hours reduces the chances of successful DNA extraction and if the specimen has been in formalin for several days or more, the PCR is unlikely to render positive results. 13 (4) The use of variable morphologic criteria for tumor subtyping resulting in only moderate or even low concordance rates when comparing different series of cases. In this study, we are confirming the preferential association of basaloid, warty-basaloid, and warty carcinomas with HPV. The negativity or very low positivity rate for HPV found in highly differentiated special tumor variants such as verrucous, papillary NOS, pseudohyperplastic, and carcinoma cuniculatum is also consistent with our original report. 17 It is noteworthy that there is an association of low-risk genotypes with malignant tumors in some of the cases. Genotypes 6 and 11, when present, can be found either in tumors with or without warty and/or basaloid features and as monoviral or multiviral infections in almost equal proportion of cases, and they tend to be associated with high grade tumors, even as monoviral infections. This finding shows that even those genotypes considered as of low risk can induce malignant transformation in the epithelial cells they infect, although in a minor proportion of the cases. This fact may be of importance in the design FIGURE 6 . Histologic subtypes of penile squamous cell carcinomas (SCC) negative for human papillomavirus (HPV). A, Lowpower view of a carcinoma cuniculatum with its typical endophytic burrow-like pattern of growth. Neoplastic cells are extremely well-differentiated, tumoral base is broad and pushing, and the stromal reaction is intense. B, Pseudohyperplastic carcinoma. A pattern of growth resembling pseudoepitheliomatous hyperplasia with extremely well-differentiated cells is evident but tumoral nests are more irregular with pronounced stromal reaction indicating invasion of lamina propria. C, Verrucous carcinoma with its typical broad and pushing tumoral base, minimal atypia, inconspicuous fibrovascular cores, and marked parakeratosis. D, Papillae in papillary, NOS SCC are complex, with moderate acanthosis and parakeratosis, irregular fibrovascular cores, jagged base, and no koilocytic changes. Keratin plugs are focally detected. Stromal reaction is evident. of future vaccines for penile cancer. We are also reporting a strong association of HPV with a particular neoplastic cell that we postulate as the most reliable tissue marker for oncogenic viral infection in penile carcinomas. The cell is variably present in several subtypes of penile SCC and consistently absent in others, the latter usually negative for HPV. The designation of the cell as basaloid would seem reasonable if basophilic cells with nuclei slightly larger or less regular (round, ovoid, spindle, irregular) than the classically described small uniform cells of basaloid carcinomas are also included. This cell is the major component of basaloid carcinoma, predominates in warty-basaloid carcinomas, is present in the lower one-third or in the basal layer of warty carcinomas, and it is focally found in some mixed carcinomas. The higher the proportion of basaloid cells, the higher the chances of finding HPV positivity in that tumor category. This cell is morphologically similar to the predominant one observed in most invasive uterine cervical carcinomas, a known etiologically HPV-related cancer. 9 This finding may explain in part the variable positivity for HPV in warty carcinomas that may also be related to the criteria adopted in the pathologic classification of warty and basaloid SCC variants, etiologically and morphologically related tumors. The morphologic spectrum of HPV-related carcinomas is not well known in the literature, 36 especially the not too infrequent mixtures of warty and basaloid carcinomas. 43 It is possible that many reported warty carcinomas are indeed a mixture of basaloid and warty SCC. Low-grade warty carcinomas, with condylomatous papillae and variable amount of koilocytosis from scant to abundant, are particularly The low-grade warty tumors, even those with frank koilocytosis, were often negative for HPV in this study. On the contrary, warty carcinomas with a moderate to small basaloid cell component usually at the lower part of papillae, and those cases with high-grade histology, were more likely to be HPV positive. Similar morphologic features were identified in HPV positive penile SCC by Krustrup et al. 25 They found that the presence of HPV DNA detected by PCR was significantly associated with high-grade tumors, lesions dominated by small tumoral cells or with a high number of multinucleated cells and mitoses, and with lesions depicting a small amount of parakeratosis.
Within the context of a papillomatous exophytic growth hyper and parakeratosis along with koilocytosis are hallmarks for the diagnosis of warty carcinomas 7, 14 but these features per se were found to be useless to predict the likelihood of HPV positivity, except when mixed with basaloid or poorly differentiated cells. These cells are more conspicuous in basaloid carcinomas, although their presence in some warty carcinomas, albeit to a lesser proportion, is indisputable, especially at the periphery or in the basal layer of the tumoral nests. In addition, the hypothesis of the basaloid cell as a tissue marker for HPV oncogenic infection and the observation that this cell may be present in a variety of penile tumors and not only in basaloid or warty-basaloid carcinomas, in which they predominate, would also explain why some keratinizing tumors or poorly differentiated tumors such as the usual, papillary, or sarcomatoid carcinomas are occasionally and variably positive for HPV. As in our original study, 17-histologic grade was significantly associated with the presence of HPV. This finding is in part related to the observation that most basaloid and warty-basaloid carcinomas are predominantly composed of poorly differentiated cells. Histologic grade, along with perineural and vascular invasion, are significant adverse pathologic prognostic factors in penile cancer. 10, 12, 48 Although the purpose of this study was not to evaluate HPV positivity as a prognostic indicator, the association of HPV with higher histologic grades would seem to indicate that the presence of the virus is an adverse factor. However, there are reports in the literature indicating a contrary view. 4, 27, 52 Reasons for this apparent contradiction could be found in the fact that not all HPV positive tumors are associated with the same prognosis when subtyping is not taken into account. Histologic subtypes such as basaloid, sarcomatoid, and high-grade SCC are associated per se with an adverse outcome, whereas in others (verruciform tumors, including lowgrade warty variants, and low grade usual SCC) the mortality rate is significantly lower. 11, 20 To consider only the HPV status regardless of the histologic subtype of the tumor could cause considerable misleading. For a proper evaluation of the HPV infection impact in the patients' outcome, comparisons of HPV positive and negative tumors of the same histologic subtype should be carried out. HPV status should be stratified according to other pathologic prognostic factors, such as anatomical level of infiltration, histologic grade, and perineural invasion 10, 12, 49 and multivariate regression models should be constructed to evaluate the true influence of the viral infection in the patients' cancer-specific mortality rate.
In summary, in this HPV survey of a large number of invasive penile carcinomas, we found evidence of HPV infection in 64 of 202 cases (32%). Genotypes preferentially found were of the high risk type whereas cases with exclusively low-risk genotypes were identified in 2% of the cases. The most common genotype found was HPV-16, present in 46 cases (72%). A significant association of the virus with basaloid, warty-basaloid and warty carcinomas, and with tumors of high histologic grade was identified. Our results also suggest that, in penile SCC, the presence of basaloid cells is the best tissue marker for oncogenic HPV infection.
